Selenium is an essential component of glutathione peroxidase, an enzyme that helps protect cells against oxidation damage and modulates the lipoxygenase pathway of arachidonic acid metabolism. Low selenium concentrations might therefore influence the inflammatory process in asthma by reducing the activity of glutathione peroxidase. Whole blood and plasma selenium concentrations and glutathione peroxidase activity have been measured in 56 asthmatic patients and 59 non-asthmatic control subjects in New Zealand, a country with a low dietary selenium intake and a high prevalence of asthma. When compared with control subjects the asthmatic patients had lower values for whole blood selenium concentrations (-4.9, 95% confidence interval -102 to 04 ng/ml) and glutathione peroxidase activity ( -3 3, 95% CI -58 to -0O8 unitslg Hb). There was a 19 and 5 8 fold increased risk of asthma in subjects with the lowest range of whole blood selenium concentration and glutathione peroxidase activity respectively (95% CI 0-6 to 5 6 and 1-6 to 21-2).
Abstract
Selenium is an essential component of glutathione peroxidase, an enzyme that helps protect cells against oxidation damage and modulates the lipoxygenase pathway of arachidonic acid metabolism. Low selenium concentrations might therefore influence the inflammatory process in asthma by reducing the activity of glutathione peroxidase. Whole blood and plasma selenium concentrations and glutathione peroxidase activity have been measured in 56 asthmatic patients and 59 non-asthmatic control subjects in New Zealand, a country with a low dietary selenium intake and a high prevalence of asthma. When compared with control subjects the asthmatic patients had lower values for whole blood selenium concentrations (-4.9, 95% confidence interval -102 to 04 ng/ml) and glutathione peroxidase activity ( -3 3, 95% CI -58 to -0O8 unitslg Hb). There was a 19 and 5 8 fold increased risk of asthma in subjects with the lowest range of whole blood selenium concentration and glutathione peroxidase activity respectively (95% CI 0-6 to 5 6 and 1-6 to 21-2).
Levels were lower in patients and control subjects without an atopic predisposition, but were not affected by prednisone use. Similar differences between the asthmatic and control subjects were not observed for selenium concentration or glutathione peroxidase activity measured in plasma, which reflects short term rather than long term selenium content. These findings are consistent with the hypothesis that low selenium concentrations may have a role in the pathogenesis of asthma in New Zealand.
Since the discovery that the essential trace element selenium is an integral part of the enzyme glutathione peroxidase' and that reduced dietary intake of selenium results in reduced glutathione peroxidase activity,2 there has been considerable interest in the question of whether selenium deficiency might have a role in certain disease processes. Certainly there is convincing evidence that selenium deficiency may predispose to disease in animals, with liver necrosis, muscular dystrophy, cardiomyopathy, pancreatic lesions, and infertility having been induced in different animal species when fed a selenium deficient diet.3 In humans the identification of a definite pathological condition attributable to low selenium intake has been more difficult, though it has been implicated in several diseases, including Keshan's disease (cardiomyopathy),4 Kashin-Beck disease (osteoarthropathy),' myositis,' cancer,7 and heart disease. 8 There is now evidence to suggest that lower than normal selenium concentrations may exist in patients with asthma. Malmgren and coworkers initially reported lowered whole blood glutathione peroxidase activity in patients with asthma who had food and aspirin intolerance. 9 More recently a British study found a lower concentration of selenium in red blood cells and plasma in asthmatic patients than in normal subjects.'0 With the lower ranges of selenium concentrations the probability that asthma was present was increased up to five fold. These findings are of interest because the population of New Zealand has low selenium concentrations and glutathione peroxidase activities" 2 and a high prevalence of asthma.'3 The low blood concentrations of selenium in the New Zealand population reflect a low dietary intake of selenium, usually less than 30 jug per day, which is often as low as that reported in the Keshan's disease region.'4 The low selenium concentrations in the plant and animal food in turn reflect the very low selenium content of the soil, particularly in the cereal growing areas of Canterbury and Otago, where levels are less than 0-01 ig selenium/g."
There are two major mechanisms whereby selenium deficiency associated with lowered glutathione peroxidase activity may be relevant to the pathogenesis of asthma. The first is that it results in reduced protection from oxidative damage caused by free radicals and hydroperoxides released during the inflammatory process,'6 17 leading to worsening airways inflammation in asthma. The second is by modulation of the lipoxygenase pathway of arachidonic acid metabolism.""'5 In particular, reduced glutathione peroxidase activity decreases the reduction of 12-hydroperoxyeicosatetraenoic acid (12-HPETE), which stimulates the synthesis and release of the potent inflammatory mediator leukotrine B4. 9 The aim of the present study was to assess the selenium concentrations of patients with asthma in New Zealand. We have measured the selenium concentration and glutathione peroxidase activity in whole blood and plasma in asthmatic patients, and compared the values with those from non-asthmatic control subjects. The study was undertaken in the Otago area because it is self sufficient in cereal and meat products. As a result, selenium concen-trations in Otago are less likely to be influenced by the intermittent importation of Australian wheat, which has a 10 fold greater selenium content and may result in measurable increases in selenium concentration.20
Methods

SUBJECTS
Patients We studied 63 asthmatic subjects enrolled from an outpatient chest clinic in Dunedin and a general practice in Tapanui, Otago. All asthmatic subjects completed a questionnaire that included details of their alcohol consumption, smoking habits, diet, medical history, and medication. Non-specific airway responsiveness was assessed by methacholine inhalation challenge by the method of Sears et al2' to determine the provoking concentration of methacholine that induced a 20% fall in FEVy (PC2OFEV1). Atopy was assessed by skinprick testing with common allergens. After the exclusion of three subjects who had taken selenium supplements within the last two years and of four whose methacholine PC20FEV1 was greater than 8 mg/ml there were 56 asthmatic subjects, 32 women and 24 men, aged 15-62 (mean 39) years, who were included in the analysis. The baseline FEV1 was 73% predicted, and geometric mean methacholine PC20 FEV1 03 mg/ml. Of the 56 subjects, 55 inhaled beta adrenoceptor agonists for symptomatic relief, 53 inhaled corticosteroids, 31 took oral theophylline preparations and 22 oral beta agonists, and 11 inhaled sodium cromoglycate. There were 17 patients taking continuous oral corticosteroids, a further 26 who had received a course within the last 12 months, and 13 who reported that they had not received oral corticosteroids in the last 12 months. Twelve patients said that they were current cigarette smokers and 40 that they drank alcohol; no one was on an exclusion diet. Control subjects Sixty four volunteers were selected from a general medical outpatient and blood donor population and from the families ofthe asthmatic subjects in an attempt to obtain a control group similar in age and sex to the asthmatic subjects. All the control subjects completed the same questionnaire, and underwent bronchial challenge and skinprick testing.
After exclusion of one who had taken selenium supplements within the last two years and four who reported a past history of asthma (no one had a PC20 less than 4 mg/ml) there were 59 subjects for comparison, 33 The only important confounders were age and gender, and the logistic regression analyses were adjusted for these factors. Several factors, including farming, taking vitamin E or yeast supplements, cigarette smoking, use of the oral contraceptive pill, alcohol consumption, recent overseas travel, and atopy, were considered in the initial analysis but were found to be unrelated to whole blood selenium concentrations or glutathione peroxidase activity or to affect too few subjects to influence the overall effect.
The study was approved by the Otago Hospital Board ethical committee and all subjects gave informed, written consent.
Results
The mean whole blood and plasma selenium concentration and glutathione peroxidase activity in asthmatic patients and control subjects are shown in table 1. There was little difference between these two groups in plasma selenium or glutathione peroxidase, but for whole blood both selenium concentrations and glutathione peroxidase activity were lower in the asthmatic than the control group. The differences in mean whole blood selenium concentrations were similar in men (difference -4 3) and in women (difference -55). The differences in whole blood glutathione peroxidase activities were also similar in men (difference -3 5) and women (difference -3-2).
In both the asthmatic and control groups the mean whole blood selenium concentrations and glutathione peroxidase activities were generally higher in those who reported having eczema or rhinitis or had positive responses to skinprick tests (table 2). The differences between the asthmatic and control groups, however, were consistent and similar in each of these subgroups.
The possibility of an effect due to beta agonists was assessed by excluding the 22 asthmatic subjects taking oral beta agonists. This resulted in a small reduction in the difference in whole blood selenium (from 4 9 to 3 9 ng/ml) and a larger reduction for glutathione peroxidase (from 3-3 to 2-0 units/g Hb).
Prednisone use was not associated with significant differences in whole blood selenium; the mean concentrations were 65-5 ng/ml in the 13 patients who had never used prednisone, 66-9 ng/ml in the 26 prescribed a short course, and 66-2 ng/ml in the 17 cases prescribed a continuous course. The corresponding mean activities of whole blood glutathione peroxidase were 24-8, 23 1, and 22-5 units/g Hb. Table 3 shows that the trend for the risk of whereas the increased risk at low levels of glutathione peroxidase was maintained (odds ratio 7-0, 95% CI 1-5 to 331).
Discussion
In this study we have shown that patients with asthma have lower whole blood selenium concentrations and glutathione peroxidase activity than a non-asthmatic control population. Subjects in the lowest ranges of whole blood selenium concentration had a twofold relative risk of asthma, and subjects in the lowest range of glutathione peroxidase activity had a sixfold relative risk of asthma. The increased risk of asthma was virtually confined to these groups and the risk was only moderately increased in subjects with intermediate levels of whole blood selenium and glutathione peroxidase. These changes were not accompanied by a reduction in plasma levels, which in contrast to whole blood levels reflect short term changes in selenium concentration.'2 Reduced glutathione peroxidase activity in patients with asthma may lead to a worsening of the airways inflammation that is a characteristic feature of this disorder.2829 The enzyme glutathione peroxidase protects cells against oxygen radicals such as superoxide and hydrogen peroxide, which have the potential to damage cell membranes through lipid peroxidation.30 Lowered glutathione peroxidase activity may thus lead to reduced protection against the oxidation damage caused by these oxygen radicals released during the inflammatory process. Another possible mechanism whereby reduced glutathione peroxidase activity may be relevant to the inflammatory process in asthma relates to its putative role as a regulator of the lipoxygenase pathway of arachidonic and metabolism.'"'"
In addition to the effects that might result from reduced glutathione peroxidase activity, a lowered selenium concentration might have relevant effects independent of this enzyme activity.' Selenium can be incorporated in several distinct proteins, and although biological activity has not been identified for all of these proteins specific immunological defects can occur with selenium deficiency. In polymorphonuclear leucocytes selenium is necessary for all metabolic steps during phagocytosis,3 including postphagocytic cytotoxicity.32 Selenium deficiency has also been shown to suppress antibody synthesis33 and lead to reduced T cell function.34
In contrast to the values for whole blood, there was little difference in plasma selenium concentrations or glutathione peroxidase activity between the asthmatic and control groups. This may be because plasma selenium reflects short term rather than long term selenium content and may therefore be more readily influenced by recent changes in dietary intake.'2 Whole blood selenium and glutathione peroxidase activity give a longer term index of selenium,35 although it is uncertain what relation these indices have to whole body selenium or whether it is the best indicator for biological activities. The activity of glutathione peroxidase is relatively high in human peripheral polymorphonuclear leucocytes36 and platelets37
and measurement of glutathione peroxidase activity in these may give a better indication of the relevance of reduced selenium to an inflammatory disorder such as asthma. Preliminary unpublished results from our laboratory suggest that the glutathione peroxidase activity per cell may be as much as 15-20 times greater in leucocytes than in erythrocytes.
The possibility that the enteropathy associated with eczema may contribute to the lower selenium concentrations in patients with asthma and eczema has been raised,'0 because reduced selenium has been observed in patients with eczema38 and patients with both asthma and eczema have been found to have a tendency towards lower selenium concentrations than patients with asthma alone.'0 In contrast, we found that whole blood selenium concentrations and glutathione peroxidase activities were slightly higher in subjects with eczema in both the asthma and the control group. A similar trend was noted when subjects were classified on the basis of atopy (positive skin test responses) or a history of rhinitis.
Another possible explanation for our findings is that they are due to the effects of beta agonists taken by the asthmatic subjects. This is partially supported by our observation that the differences between the asthmatic and the control group were reduced, but not eliminated, when those patients taking oral beta agonists were excluded. An alternative explanation (if the association is causal) is that those taking oral beta agonists have more severe asthma. It appears unlikely that our findings can be attributed to inhaled beta agonists, because these were withheld for at least six hours before blood sampling. Although beta agonist treatment causes a fall in serum potassium, calcium, and magnesium and plasma phosphate concentrations,39 it is unknown whether they cause a similar effect with selenium or whether such an effect would alter glutathione peroxidase activity. Further work investigating the effect of beta agonists on selenium concentrations and glutathione peroxidase activity is required.
The effect oforal corticosteroids on selenium has also not been formally investigated. Although most of our asthmatic subjects had received oral corticosteroids either daily or as a short course within the previous year, their selenium and glutathione peroxidase levels were not very different from those who had not received these agents, which is consistent with previous observations.'0 Finally, the effect of asthma itself in lowering selenium concentrations cannot be excluded as a partial or total explanation of our observations. Although smoking, alcohol consumption and the use of the oral contraceptive pill have been reported to reduce selenium concentrations,40 this has not always been found.'04' In the present study similar proportions of the two groups had these characteristics, and we did not observe a relation between any of these characteristics and selenium concentrations.
In conclusion, we have shown that blood selenium concentrations are low in patients with asthma in New Zealand, and that this is associated with reduced glutathione peroxidase activity. We observed a sixfold increased risk of asthma among subjects with low glutathione peroxidase activity. Although there are several possible explanations for these findings, our results are consistent with the hypothesis that lowered selenium concentrations and reduced glutathione peroxidase activity may contribute to the pathogenesis of asthma in New Zealand. 
